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Abstract. The extensive layout of roadside green spaces make them important green disaster mitigation nodes in high-
density areas of any city; hence, further improvements in their disaster mitigation functions would make the urban disas-
ter prevention system more effective. In the present research, different types of roadside green spaces in the Gulou district
of Nanjing were identified to establish a highly efficient urban disaster refuge green space system. A total of 35 built-up
roadside green spaces were employed as the study site, and for field investigation and statistical analysis, 21 factors were
selected from the aspects of spatial form, functional facilities, and surrounding environment. According to their disaster
mitigation abilities, cluster analysis classified these roadside green spaces into four categories: complete type, potential
type, centralized type, and broad type. Finally, by analyzing the characteristics of different types of roadside green spaces,
corresponding optimization strategies were proposed. In comparison to previous investigations, our study focused on the
quantitative evaluation of disaster mitigation and risk protection function of roadside green spaces. In the future, the ob-
tained results will serve as important scientific references to the planning and construction of green spaces in high-density
areas of Nanjing, China.

Keywords: roadside green space, high-density urban area, disaster consequence mitigation and evacuation, green infra-

structure, cluster analysis, Nanjing.

Introduction

High-density urban areas manifest high population densi-
ty and conspicuous infrastructural diversity. Urban green
spaces play a key role in supporting activities of various
social groups (Chen & Chang, 2015); however, such ar-
eas are generally considered to have high disaster risks;
hence, significant attention should be paid to the planning
of a disaster mitigation system. Green spaces, because of
their functional characteristics, are ideal for shelter and
evacuation during natural and man-made disasters. Green
spaces that are closer to residential areas, especially road-
side green spaces, possess some important functional fa-
cilities including evacuation guidance, emergency evacua-
tion, and temporary evacuation (Feltynowskia et al., 2018;
Kita, 2017; Stessens, Khan, Huysmans, & Canters, 2017).
According to existing effective construction analysis,

roadside green spaces should improve following three as-
pects of disaster mitigation and evacuation: 1. publicize
the functions of disaster mitigation and evacuation system
to every resident in a city, 2. make the conversion between
usual and disaster situation faster, and 3. make roadside
green spaces more convenient to use for disaster evacua-
tion. Therefore, the following steps should be adopted to
establish an effective disaster mitigation system: 1. Carry
out systematic analysis and scientific evaluation of dis-
aster mitigation abilities of roadside green spaces; 2. Put
forward relevant suggestions for improvement, and 3. en-
hance the functions of disaster consequence mitigation.
In the current study, field investigation and cluster
analysis were employed to analyze disaster mitigation
abilities of roadside green spaces.
1) After analyzing previous reports and conducting a
field investigation, 21 factors were constructed from
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the perspectives of surrounding environment, spa-
tial form, and functional facilities.

2) Based on selected factors, data were collected to
clarify the present situation of roadside green spaces
in the Gulou district.

3) Cluster analysis was used to classify roadside green
spaces based on their disaster consequence mitiga-
tion and evacuation abilities.

4) Suggestions were proposed to improve the of green
spaces based on classification results.

Existing studies on disaster mitigation mainly focused
on four aspects: classification, theoretical construction,
practical application, and experience summary. Different
mathematical methods and information processing tech-
niques, such as geographic information system, virtual
simulation technology, multi-level analysis, evaluation
model for disaster mitigation, were introduced to make
the research more scientifically accurate (Khayal, Prad-
hananga, Pokharel, & Mutlu, 2015; Koukis, Kelman, &
Ganapati, 2016; Mohammed, 2018).

In addition, based on different types and features of
land use and disaster, many countries have developed
green space disaster consequence mitigation and evacu-
ation systems in combination with urban disaster pre-
vention space systems (Fan, Xu, Yue, & Chen, 2017) and
have applied these systems to urban parks, squares, and
other open spaces. The theory and practice of green space
disaster prevention, which can be adaptive to regional
characteristics, were formed through the processes of en-
tirety to individuals, space to elements, and construction
to operation. Europe and the United States have focused
more effort on spatial planning, evacuation optimization,
and rescue facility management (Fernandez et al., 2011;
lizuka, Xuan, & Kondo, 2015; Nakamura, Umeki, & Kato,
2016). Japan emphasized the development of disaster pre-
vention parks, which are considered basic facilities for
consequence mitigation of earthquake and other disasters
(Chang, 2010; Elburz, Nijkamp, & Pels, 2017; Satou, Ko-
shizawa, & Sakai, 2008).

Domestic research on disaster refuge green space
mainly focused on spatial planning and disaster sequence;
however, quantitative evaluation and classification of dis-
aster mitigation abilities of green spaces were rarely car-
ried out. At present, no unified definition for disaster miti-
gation of green spaces can be found; hence, a correspond-
ing construction standard is also not yet formed. However,
some regions have prepared local standards to satisfy local
conditions.

Sichuan province of China is an earthquake-prone
area, and its security facilities are relatively complete. Ac-
cording to “Sichuan Province Urban Hazard Prevention
and Hazard Greenland Planning Guidelines”, disaster ref-
uge green spaces can be divided into dotted disaster ref-
uge green spaces, linear disaster refuge green spaces, and
planar disaster refuge green spaces based on their spatial
forms. In addition, according to the system of disaster
consequence mitigation and disaster relief, green spaces

can be further divided into four categories: first-level dis-
aster mitigation site, second-level disaster mitigation site,
refuge channel, and disaster relief channel. Moreover,
some scholars classified disaster refuge green spaces based
on their locations and scales as well as the time sequence
of disaster. Hence, disaster refuge green spaces can be di-
vided into pre-disaster defensive green spaces, emergency
shelter and disaster mitigation green spaces, fixed shelter
and disaster mitigation green spaces, central shelter and
disaster mitigating green spaces, countryside shelter and
disaster mitigating green spaces, green evacuation corri-
dors, and green isolation belts.

“Prevention” is the key aspect to develop an effec-
tive disaster mitigation and risk protection green space
(Gonzalez, Monsalve, Moris, & Herrera, 2018). In large
and medium cities, the principle of “prevention first,
combining defense and relief”, which emphasizes the
combined positive effects of non-disaster and disaster
situations, is the main approach of a city to resist disas-
ters (Daniels et al., 2018; Ye, Hu, & Li, 2018). The present
study is a comprehensive assessment of disaster mitigation
abilities of green spaces and provides a strong basis for the
optimization of roadside green space constructions.

1. Research process

1.1. Study site

Nanjing is a regional center in the southeastern part of
China (Figure 1) and possesses an area of 6587 square kil-
ometers and a population of 818 million; hence, as a result
of high population density, Nanjing often encounters some
major problems including high degree of fragmentation,
very limited green spaces, and weak accessibility and con-
nectivity (Gong, Zheng, & Ng, 2016). In the present study,
the case of Nanjing Gulou district was considered. Gulou
district is situated in the downtown area of Nanjing and
possesses high building density, complex and diverse in-
frastructures, and high population density (243.4 people/
ha). According to the World population density ranking
of 2017, Gulou can be considered as a typical example of
urban high-density area (Nanjing Urban Planning Bureau,
2017). Nanjing is located in the middle and the lower
reaches of the Yangtze River in the Yellow Sea seismic
belt, thus this area is very prone to medium-strong earth-
quakes. Four seismic faults were detected in Nanjing, and
two of them have caused strong earthquakes. Although
they are currently considered as hidden faults, the prob-
ability of future earthquakes is very high. In addition, ac-
cording to the latest statistical data, Nanjing experiences
1675 fire incidents every year, and most of these reported
fires occurred in the Gulou district. Therefore, Nanjing
Gulou district can be considered as a representative case
for disaster mitigation analysis (Nanjing Public Security
Fire Bureau, 2017).

Gulou district contains 13 comprehensive parks
(17.6% of total green spaces), 7 residential area parks
(9.5%), 7 topic parks (9.5%), 12 ribbon parks (16.2%), and
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Figure 1. Research area and different types of roadside green spaces

35 roadside green spaces (47.3%) (Table 1). In terms of
disaster mitigation, Gulou has one fixed disaster preven-

Continued Table 1

. . . No. Location
tion park and four emergency disaster prevention parks.
In addition, four emergency disaster prevention plazas 11 Grezn space along the south side of the Yanjiang
have been already constructed; however, they have failed Roa
to meet the requirements of disaster mitigation. Fortu- 12| Green space on the south side of the Yanjiang Road
nately, roadside green spaces in the Gulou district can 13 | Green space on the south side of the Baota Bridge
be conveniently used for emergency shelters and disaster (on the West Street)
mitigation. 14 |Bridge Park
15 |Jiangdong North Road and Longyuan South Road
Table 1. Roadside green spaces in Gulou intersection green space
16 |Qingjiang road and Dongbao Road intersection green
No. Location space
1 | Dazhong Pavilion Park 17 | Northwestern corner at the intersection of Qingjiang
2 | Roadside green space on the south side of the Zifeng road and Hanzhoung Gate Street
Tower 18 | Northwestern corner at the intersection of
3 |The square in front of the Zifeng Tower Hanzhoung Gate Street and Qingjiang South Road
Roadside green space on the south side of the Gulou 19| Green space on the Hu Ju North Road
Park 20 | The wall mouth at the intersection of Mo Fan West
Road and Stone City
5 | Roadside green space beside the high school affiliated 21 | Green space beside the Beiermei Plastic Hospital
to Nanjing University 22 | Green space on the opposite side of the Nanjing Arts
6 | Yunnan road and West Bridge intersection green Institute
space 23 | Tongjiaxiang and Dingjiaqgiao intersection
7 | Ninghai Road and Guangzhou Road intersection 24 | Longyin Square
green space — .
8 | Green space on the opposite side of the Airsun mall 25 | Zhongshan North Road and Beisiweitou intersection
26 | Matai Street and Hong Bridge intersection
9 | Drum Tower Square
27 | Sibeihou Road and Pinganli intersection
10 |Jin Yan road and Bao Yan Road intersection green - - - -
28 | Sanpailou street and Xinmofan road intersection

space
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End of Table 1

No. Location

29 | Zhongshan North Road new city center green space

30 | Fujian Road and Sanpailou Street intersection
31 | Between the east side of the Railway North Street and
Hongmiao lane (beside the moat)

32 | The west side of the Railway North Street (beside the
moat)

33 | The triangle at the intersection of Railway North
Street (east side) and Hongmiao Lane

34 |Railway North Street Square
35 | Stone City Road, Shuimu Qinhuai

1.2. Factors for evaluating disaster mitigation
ability

According to the proposal of “Nanjing Green Space Sys-
tem Planning (2013-2020)", a site investigation on 35
roadside green spaces in the Gulou district was conducted
for the present analysis.

1.3. Selection of the factors

According to previous research, factors that affect the abil-
ity of disaster consequence mitigation and evacuation in
roadside green spaces can be divided into two levels: in-
ternal and external.

Internal factors represent both spatial forms and
functional facilities. Spatial forms, such as roadside green
space areas, interior lawn areas, and green pavement areas,
reflect the capacity of evacuation and refuge. Functional
facilities can be also divided into two categories: (i) road-
side green space facilities, such as security monitors, toi-
lets, lighting devices, water supply facilities, underground
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Figure 2. Index tree diagram

parking lots, firefighting facilities, identification plates, can
be directly used for disaster mitigation and (ii) auxiliary
facilities, such as benches, entrances/exits, and other nec-
essary services.

External factors directly affect the accessibility of road-
side green spaces, the distribution of surrounding popula-
tion, and the implementation of evacuation method. These
factors include traffic system, residential areas, commer-
cial buildings, hospitals, schools, playgrounds, govern-
ment and enterprise buildings, and road network density.

Hence, based on the comprehensive analysis, 21 fac-
tors (Figure 2) were selected for the current research.

1.4. Data collection

In the present analysis, data were collected according to
the proposed index framework (Appendix: Tables 2, 3,
4). First, the total number of functional facilities in each
roadside green space was counted, and then all facilities
that belonged to urban spatial forms and built-environ-
ment were marked.

2. Results

2.1. Analysis of disaster mitigation abilities of
roadside green spaces in Gulou district

Data processing and statistical analysis were carried out
for sorting functional facilities, spatial forms, and built-
environment (Figure 3). Functional facilities mainly con-
tained benches, security monitors, toilets, water supply
facilities, underground parking lots, firefighting facilities,
and identification plates. It is evident from the obtained
results that benches were adequate to fulfill demands in
all roadside green spaces; however, the situations of oth-
er functional facilities were dangerous. More than 70%
roadside green spaces lacked toilets, water supply facili-
ties, underground parking lots, and identification plates;
more than 75% green spaces had less than 4 firefighting
facilities; and 72% of green spaces had less than 19 lighting
devices. In terms of spatial forms, 63% of roadside green
spaces had a flat terrain with an average area of about 1
hectare, and pavement areas and lawn areas were ranged
from 0.2~0.4 hectare (ha). Moreover, about 40% roadside
green spaces manifested a height difference of 0~0.6 m. In
addition, 37% roadside green spaces had open entrance;
69% green spaces had a road network density of 4-6 km/
km?; 37% roadside spaces manifested 7-9 settlements;
31% green spaces had 10-12 commercial points; and 26%
roadside spaces did not have a medical point.

2.2. Cluster analysis

Before starting the cluster analysis, data were arranged and
sorted (Appendix: Tables 5, 6, 7). Preprocessed data were
first inputted into a statistical analysis software package
(SPSS 20.0) to obtain standardized data, and then the clus-
ter provided by SPSS was adopted to classify the obtained
standardized data (Figure 4). All samples were classified
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Figure 3. Data statistics

into 4 groups with a group distance of 20. It should be
noted that different cluster analysis methods may yield
different results even for the same initial set of data. The
results of this study are based on the above methods.

2.3. Classification of road side green areas

In the current study, fire, earthquake, and their secondary
disasters were targeted to perform disaster mitigation and
evacuation analysis. Roadside green spaces of Gulou were
classified into 4 groups, such as completed type, potential
type, centralized type, and broad type, according to their
disaster mitigation abilities.

(1) Complete type (Cluster 1)

Roadside green spaces with serial numbers 18, 24, 29, and
35 belonged to the complete type. The standardized score
for each variable revealed that the average area of com-
plete type was close to the average area of all samples. The

Dendrogram using Average Linkage (between groups)

Rescaled Distance Cluster Combine

Case label number 0 2 10 15 20 2

10.34.15.28.5.19.20
11.32.17.22.33
21.25.31.1.4.6.8.16.
30.23.26.7.27

Cluster4

Cluster3 | 3.9.2

Cluster2 [ 12.14.13
Cluster1 | 18.29.24.35

Figure 4. Pedigree diagram of system cluster

complete type contained the highest level of functional
facilities, such as internal monitors, lighting devices, fire-
fighting facilities, identification plates, and benches. As
complete type roadside green spaces were surrounded by
residential and office buildings, they were often equipped
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with underground parking lots and other utilization facili-
ties. Therefore, it can be inferred that complete type green
spaces had comprehensive advantages among all 4 types
(Figure 5a).

Generally, complete type green spaces were well con-
structed, convenient to access, and well-known.

However, some improvements in security should be
made in the future. For example, the installation of lamp
posts, which have a risk of collapse, should be prevented,
and more entrances must be set to create more efficient
disaster refuge green spaces.

(2) Potential type (Cluster 2)

Roadside green spaces with serial numbers 12, 13, and 14
belonged to the potential type, which manifested the char-
acteristics of convenient entrance and good passing ability
(necessary for quick evacuation of people). Potential type
green spaces had flat terrains and also water areas with
an area larger than 1 ha. These green spaces were com-
monly located in areas with relatively low population and
building densities and lower traffic flow. The spatial form
indicator exhibited a strong potential; hence, these green
spaces were named as “potential type” (Figure 5b).

As areas of potential type roadside green spaces are
large enough to be used as evacuation areas, attention
should be paid to the planning of evacuation route and
evacuation education during the construction of this type
of green space. The effective planning will make potential
type roadside green spaces more accessible in an incident
of disaster.

(3) Centralized type (Cluster 3)

Roadside green spaces with serial numbers 2, 3, and 9 be-
longed to the centralized type, which located in areas with
high population and building densities. This type of green

space generally had a complex traffic environment and
was surrounded by a lot of commercial facilities, hospitals,
and schools. Centralized type roadside green spaces had
the largest area, the largest service radius, and the most
comprehensive facilities among all 4 groups. These green
spaces were often constructed in the form of a square, and
their surrounding environments had a relatively high level
of functional facilities; therefore, they were named as “cen-
tralized type” (Figure 5c¢).

Centralized type roadside green spaces had a relatively
larger area for disaster evacuation. Therefore, they have the
best ability of disaster mitigation and evacuation. Hence,
more attention should be paid to evacuation routes and
emergency equipment in order to improve rescue efficiency.

(4) Broad type (Cluster 4)

Broad type is the most common one (Figure 5d) and con-
tained other 25 roadside green spaces. 25 samples were
divided into 2 groups: (i) small roadside green spaces with
less than 1 ha area, they can be used only to provide shel-
ter and (ii) The other group consisted of large roadside
parks and squares, which were located at the corners of
the intersections or in human settlements. These green
spaces had a good accessibility and were developed to im-
proving greening and cultural landscape; however, some
insufficiencies in internal facilities were noticed; com-
monly, there were only a small number of benches and
lighting facilities. These roadside green spaces were small
in size and also were broadly distributed. Broad type
green spaces can play a role of temporary refuge as well
as can act a connector for all different scales of refuges.
The major shortcomings of these green spaces are the lack
of evacuation logo and publicity. Therefore, construction
and functional facilities should be improved and more at-
tention should be paid to publicity works.

a. Complete type

b. Potential type c. Centralized type

d. Broad type
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3. Discussion

Applicability and suitability of the proposed
method

Nanjing, a key central city located in the region of Yangtze
River Delta, features outstanding urbanization. However,
its green area per capita is lower than that of Shanghai and
Tokyo, as well as other metropolises both at home and
abroad (Wang, 2008). Due to its regional characteristics
and disaster environment, Gulou district is an ideal ex-
ample to analyze disaster mitigation and evacuation pro-
cess. Due to high population and building densities, green
spaces in the Gulou district manifest a dotted distribution.
The construction of green spaces is showing an accelerat-
ing trend, and green spaces built in different periods have
been integrated with each other. In comparison to other
urban areas, green spaces in Gulou exhibits more com-
plex structures. Therefore, the disaster mitigation abilities
of green spaces are generally affected by the superposi-
tion of various factors, thus during the research on green
spaces in Gulou, attentions were paid on functional facili-
ties, spatial forms, and surrounding environment to carry
out quantitative analysis and evaluation.

Most of the existing studies on the classification of dis-
aster mitigation green spaces mainly focused on qualita-
tive analysis, but few quantitative analysis. The research
process itself lacks scientific support. In terms of the large-
scale mechanism of Urban Disaster Mitigation System,
contingency plan of disaster management is deemed as the
most consummate part. The United States is regarded as a
typical representative in the construction of contemporary
emergency system, and its National Incident Management
System (NIMS) is also known as a model among the in-
stitutions engaged in emergency management (Fernandez
et al., 2011). In order to effectively deal with various fre-
quently occurred natural disasters, Japan has established a
disaster prevention system covering the three main aspects
of disaster prevention, emergency response and recon-
struction (Feng, Zhang, Shao, & Meng, 2016). Moreover,
Turkey has formulated a coordinated management mecha-
nism to response to the situation before and after urban
disasters (Caymaz, Akyon, & Erenel, 2013). These mature
theoretical systems, which can be referred to as guidance
and premise, play their guiding role on the macro level.
Some innovative researches have been conducted from
the angle of evacuation from urban disaster, for example,
resilient evacuation planning for urban disaster mitigation
on the assumption of the Cell-Transmission Model (CTM)
(Kimms & Maiwald, 2018) and disaster evacuation man-
agement supported by RFID (Radio Frequency Identifica-
tion) technology (Shi, Ye, Wang, & Fei, 2018).

However, situated in the middle level of the whole
mechanism, the planning and construction of spaces em-
ployed for urban disaster mitigation are relatively weak. In
view of the fact that urban green space occupies a signifi-
cant role in the spaces employed for disaster mitigation,
the study aims to optimize the capability of roadside green

spaces displayed for disaster mitigation from the perspec-
tive of urban green spaces planning, so that it can fill in
the gap of scientific literature in this field.

In previous studies on the similar areas, some schol-
ars carried out in-depth analysis of the green resources
in the research area, thus improving the layout of green
spaces in disaster mitigation and the direction for the
advancement of mitigation capability shown by green
spaces in disaster (Zhu & Jia, 2012). Furthermore, some
scholars employed the AHP model to construct the eval-
uation system to estimate the emergency refuge function
of urban green spaces, calculated the scores obtained
and sorted them out after defining the coefficient. This
method attaches its importance to analyze the disaster
mitigation ability of a single green space (Hong, Yang,
& Zheng, 2013). Some scholars even adopted the tech-
nology of GIS network analysis by combining GIS with
spatial optimization model so as to form a suitable evalu-
ation index system for the disaster mitigation of urban
green space, thus providing a micro-scale classification
(Ye, Wang, Xu, Chen, & Huang, 2010).

The clustering analysis employed in this paper is a
method to collect data on a similar basis for classifica-
tion by comparison, and the difference between cluster-
ing and general classification is that the classes demanded
by clustering are unknown, which often leads to original
conclusions (Nagpal, Jatain, & Gaur, 2013). In previous
studies of this field, some scholars employed clustering
analysis to reduce data and analyze the horizontal spatial
measurement of landscape (Liang, Chen, & Zhang, 2017),
and some adopted cluster analysis to make a detailed divi-
sion of specific spatial types (Wang, Deguchi, Minoura, &
Sakai, 2012). The common ground is that useful informa-
tion can be mined from complex and huge data of land-
scape architecture, a comprehensive interdisciplinary field.
Thus, the system structure can be displayed more clearly
so that further work can be carried out in a targeted way.

The present study makes a meticulous classification
of disaster mitigation abilities possessed by the built-up
green spaces in a quantitative way according to field inves-
tigations conducted in advance. The appropriateness and
typicality of the method lie in:

1) Apart from ensuring the integrity of the data and
quantifying the basic attributes of the green space at
roadside in Gulou district, it is conductive to form-
ing a direct and objective comparison between the
samples.

2) The obtained results conform to the actual situa-
tion of urban disaster mitigation, and each finding
is verified by actual cases. Meanwhile, it is more
efficient and applicable to employ the clustering
method to study the green space sample in face of
the diversified types and the increasing area of ur-
ban green spaces.

3) As the classification and standard model can break
away from the existing classification system of the
disaster prevention of green space, it is indeed an
innovative attempt.
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Limitations

All 21 explanatory factors were selected from the aspects
of surrounding environment, spatial form, and infrastruc-
ture; hence, the conducted study was not comprehensive
enough. Management mechanism, human behavior, and
some other relevant elements were not considered. In ad-
dition, our research evaluated the disaster mitigation abil-
ity of single green space, thus the optimization of disaster
mitigation mechanism within specific regions was not
performed.

The aforesaid problems will be circumvented in the
next phase of our research. The variety and quantity of
samples should be increased, and the method of selecting
factors should be more systematic in order to improve the
accuracy of evaluation and classification. Although some
problems still exist, our study reflects its objectivity in
comparison to previous qualitative methods. The com-
prehensive analysis and evaluation of disaster mitigation
abilities of roadside green spaces can provide a basis for
green space planning with respect to spatial layout, infra-
structure, and functionality.

Broader theoretical and practical significance

In future research, evacuation simulation software, such as
STEPS or Pathfinder, will be introduced into the regional
evacuation simulation to evaluate service radii and carry-
ing capacities of four types of roadside green spaces. The
accuracies of obtained results will be assessed by analyzing
the effectiveness of various factors, and the consistency
between green space positioning and research expecta-
tion will also be validated. During simulation, software
will supplement people activities and the path of crowd
refuge, and consequently, enhance the practicality of re-
search results.

Although the current research method was imple-
mented on a small area, it can be applied to other types of
green spaces including urban integrated parks and banded
green spaces. In the future, a high-efficient urban disaster
refuge green space system with reasonable composition
will be established.

Conclusions

Based on the analysis of disaster consequence mitigation
abilities of 35 roadside green spaces in the Gulou district
of Nanjing, the following inferences can be drawn.

1) To create a classification system of disaster mitiga-
tion abilities of roadside green spaces after review-
ing previous researches on Gulou. The evaluation
index of 21 factors was proposed in terms of three
aspects, such as spatial form, functional facilities,
and surrounding environment.

2) 'The status of 35 roadside green spaces in the Gulou
district was obtained based on data processing and
statistical analysis. In terms of spatial form, 60%
roadside green spaces were flat with an average area

of about 1 ha. However, total area, pavement area,
and lawn area of all roadside green spaces were sig-
nificantly different. More than 70% roadside green
spaces lacked toilets, water supply facilities, under-
ground parking lots, and identification plates. In
addition, 37% roadside green spaces had an open
entrance; the density of surrounding road network
was suitable for disaster mitigation and evacuation,
and residential and commercial points were distrib-
uted to a certain extent.

3) All roadside green spaces were classified into 4
groups (complete type, potential type, centralized
type, and broad type) using cluster analysis and
their roles in disaster mitigation were explained.
Finally, recommendations to improve the function-
ality of disaster mitigation system based on differ-
ent characteristics of each green space group were
proposed.

In the future, the potential of the present study will be

applied to establish a highly efficient urban disaster refuge
green space system with reasonable composition.
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APPENDIX
Table 2. Survey statistics of functional facilities
Serial Functional facilities
“ber | Montor No. | TolierNo. | (cSRE ek apy| | Lndegound | Brelliy | MemiRern | pench No
1 0 1 22 3 0 25 1 12
2 2 0 86 0 0 0 3 54
3 9 0 40 13 1 9 20 40
4 0 0 6 0 0 1 0 20
5 1 0 3 0 0 0 0 8
6 0 0 4 0 0 0 0 20
7 0 0 0 0 0 0 0 4
8 0 0 0 0 1 0 0 24
9 6 1 150 35 0 0 0 39
10 0 0 0 0 0 0 0 43
11 0 0 0 0 0 0 29
12 0 1 3 0 0 0 0 20
13 0 0 0 0 0 0 0 0
14 0 1 45 0 0 0 3 48
15 1 0 0 0 0 0 11
16 1 0 4 0 0 7 0 8
17 0 0 5 0 0 1 0 33
18 20 0 178 2 2 20 9 358
19 0 0 0 0 0 1 0 62
20 1 0 3 0 0 1 0 48
21 1 0 0 0 0 7 0
22 1 0 8 16 1 0 0
23 2 0 8 1 0 0 0 0
24 4 0 34 0 1 7 5 42
25 0 0 0 0 0 0 0 0
26 0 0 3 0 0 0 0 12
27 0 0 0 1 0 5 2 56
28 0 1 0 0 0 0 0 44
29 4 0 28 4 1 2 0 161
30 0 0 0 0 0 0 0 16
31 1 0 0 0 0 0 50
32 1 0 0 0 1 0 16
33 1 0 2 0 0 0 0 0
34 2 0 29 0 0 0 0 176
35 30 2 148 2 1 13 11 80
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Table 3. Survey statistics of spatial form

59

Serial Spatial form
num-
ber Terrian, m Area hm? Type Water area, hm? Lawn area, hm? | Pavement area, hm?
1 4 0.26 0 0.004 0.02 0.15
2 4 0.63 1 0 0.46 0.08
3 0 2.38 3 0.047 0.13 0.50
4 4 0.13 0 0 0.15 0.34
5 0 1.33 2 0 0.00 0.01
6 2 0.57 0 0 0.05 0.20
7 0 0.06 0 0 0.03 0.00
8 2 0.21 0 0 0.12 0.10
9 0 1.8 1 0.062 0.32 0.25
10 0 1.64 2 0 0.00 0.01
11 0 0.4 2 0 0.04 0.02
12 0 2.69 0 0.262 0.00 0.02
13 0 9.54 0 0 0.00 0.01
14 0 22.32 0 0.106 0.33 0.08
15 0 0.36 2 0 0.15 0.09
16 0 1.21 1 0 0.02 0.15
17 0 0.43 2 0 0.16 0.45
18 4 3.53 1 0.028 0.06 0.21
19 1 0.3 0 0 0.00 0.28
20 3 0.23 2 0 0.11 0.30
21 2 0.45 3 0 0.00 0.48
22 0 0.18 1 0 0.48 0.10
23 0 1.05 3 0 0.01 0.12
24 2 1.86 3 0 0.01 0.23
25 2 0.74 0 0.008 0.00 0.57
26 0 0.72 0 0 0.01 0.06
27 1 0.37 0 0 0.04 0.09
28 0 0.1 1 0 0.00 0.40
29 1 2.11 3 0 0.04 0.12
30 0 1.42 0 0 0.02 0.05
31 0 0.05 1 0 0.04 0.53
32 0 0.09 2 0 0.10 0.33
33 0 0.1 2 0 0.26 0.08
34 0 1.75 1 0 0.01 0.15
35 0 9.36 0 0 0.19 0.42

Terrain: “0”represents flat ground; “1”represents the elevation of 0-0.3 meter; “2”represents the elevation of 0.3-0.6 meter; “3”represents
the elevation of 0.6-0.9 meter; “4’represents the elevation of more than 0.9 meter.
Type:“0” represents small roadside parks; “1’represents roadside squares; “2”means small street green; “3”means building vestibule

green space.
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Table 4. Survey statistics of built environment
Serial Built environment
nll;érrl ) Exit No. Residence No. | Commerce No. dgg;f%nﬁmiriz Medic;lofacility School No. Office No.

1 8 14 0.024 6 7 7
2 6 6 12 0.024 6 8 7
3 10 7 12 0.024 5 8 6
4 2 8 11 0.024 5 8 7
5 0 10 12 0.021 4 7 9
6 3 12 10 0.031 1 5 11
7 2 9 10 0.020 3 5 5
8 4 10 23 0.024 1 8 17
9 10 8 11 0.024 5 8 7
10 10 11 10 0.025 1 7 9
11 10 8 5 0.025 1 2 13
12 3 8 0.021 0 3 6
13 2 3 4 0.010 0 1 6
14 3 2 1 0.007 0 1 1
15 10 15 16 0.025 1 5 14
16 4 17 13 0.024 1 2 11
17 10 14 7 0.022 0 1 10
18 6 15 8 0.023 0 1 11
19 10 7 4 0.019 1 3 4
20 10 8 4 0.016 0 1 5
21 2 4 0.018 0 1 5
22 10 4 3 0.017 0 4 3
23 2 13 14 0.032 2 7 6
24 3 12 18 0.029 2 4 12
25 1 12 15 0.029 1 4 8
26 3 15 16 0.026 3 7 5
27 3 13 15 0.025 3 7 3
28 10 11 13 0.027 2 7 12
29 7 12 10 0.018 1 2

30 3 16 12 0.030 2 4

31 2 9 9 0.027 3 3 10
32 10 0.027 3 3 10
33 10 0.027 3 3 10
34 8 12 14 0.029 1 6 9
35 8 5 12 0.018 0 5 5
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Table 5. Data preprocessing of functional facilities

Functional facilities
iirrij_l a / b / / c d e
oo | o | g s el [ e | v i it |,
1 0 1 1 3 2 1 1
2 0 0 3 0 0 0 1 5
3 2 0 2 5 1 1 4 4
4 0 0 0 0 0 0 0 2
5 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 2
7 0 0 0 0 0 0 0 0
8 0 0 0 0 1 0 0 2
9 1 1 3 5 0 0 0 3
10 0 0 0 0 0 0 0 4
11 0 0 0 0 0 0 0 2
12 0 1 0 0 0 0 0 2
13 0 0 0 0 0 0 0 0
14 0 1 2 0 0 0 1 4
15 0 0 0 0 0 0 0 1
16 0 0 0 0 0 1 0 0
17 0 0 0 0 0 0 0 3
18 3 0 3 2 2 2 3 7
19 0 0 0 0 0 0 0 6
20 0 0 0 0 0 0 0 4
21 0 0 0 0 0 1 0 0
22 0 0 0 5 1 0 0 0
23 0 0 0 1 0 0 0 0
24 1 0 1 0 1 1 2 4
25 0 0 0 0 0 0 0 0
26 0 0 0 0 0 0 0 1
27 0 0 0 1 0 1 1 5
28 0 1 0 0 0 0 0 4
29 1 0 1 4 1 0 0 7
30 0 0 0 0 0 0 0 1
31 0 0 0 0 0 0 0 5
32 0 0 0 0 0 0 0 1
33 0 0 0 0 0 0 0 0
34 0 0 1 0 0 0 0 7
35 3 2 3 2 1 2 4 7

The follows are the ranges of the code in the table. They are determined by the value distribution.

The factor labeled as “/ ” use the initial data and do not assign them.

Functional facilities

a. Number of monitors: “0” is for 0-3; “1” is for 3-6; “2” is for 7-10; “3” is for more than 10.

b. Number of lighting devices: “0” is for 0-19; “1” is for 20-39; “2” is for 40-59; “3” is for more than 60.

c. Number of fire facilities: “0” is for 0-4; “1” is for 5-9; “2” is for more than 10.

d. Number of identification plates: “0” is for 0; “1” is for 1-3; “2” is for 4-6; “3” is for 7-9; “4” is for more than 10.

e. Number of benches: “0” is for 0-9; “1” is for 10-19; “2” is for 20-29; “3” is for 30-39; “4” is for 40-49; “5” is for 50-59; “6” is for
60-69; “7” is for more than 70.



62 W. Fei et al. Disaster consequence mitigation and evaluation of roadside green spaces in Nanjing

Table 6. Data preprocessing of spatial form

Spatial form

Serial
f i i k
number g )
Terrian, m Area, hm? Water area, hm? Lawn area, m?> | Pavement area, hm?

=

3

o~
()
o

O | 0| ||| W[~

—_
(=)

—
—

—
[\S)

—
w

—
'S

—
(S}

—
@)

—
N

[—
=)

[
(=)

\S]
—

N8
\S)

N
W

o
=

8]
(5]

[\
[e)}

[N
S

[\
co

N
Ne)

(S8
[«

[SN)
—

w
[\

[S]
W

PRI I R[O|W| R |O|lO|CQ|W| WL WIN|O|—R|IN|IR|NO|lC|lOo|NID|~R|O|lCc|lOo|NM|OCO|lW|—~|O
O|IC O |C|O|C|Q|C|O|H|O|C|Q|C|Q|OINMN|IOC|IO|CjINO|IUVN|OCIO IR |IO|C|IO|C|IO|IWVW|IO|H

w
~

—
(o]

S| OO | OC OO~ | OO OC|IOIN|W| k| OO0 |C|0|C|Q|O|O|N|OIN|O| O]

O N OO NP |WIOR|CQOC|O || RO O|(R UV VOO kO N

N O N | OO |QC 0|0 |Q|QC|QC|QC|OI|O|P|OC|C|H|O|F|IW|O|C|C|C|W|IHIOC|C|O|H|F]|&

BRI = O W |/ FR| W O U FRIOCITER|ININDINIKRIFHIOICIO|ICIOC|IOINN|IC|IO|+HIOC|IW|R|O|H—

35 0 0

The follows are the ranges of the code in the table. They are determined by the value distribution. The factor labeled as “/” use the
initial data and do not assign them.

Spatial form

f. Terrain: “0” represents flat ground; “1” represents the elevation of 0-0.3 meter; “2” represents the elevation of 0.3-0.6 meter; “3”
represents the elevation of 0.6-0.9 meter; “4” represents the elevation of more than 0.9 meter.

g. Area: “0” represents 0.1-0.3 hm?; “1” represents 0.3-0.6 hm?; “2” represents 0.6-0.9 hm? “3” represents 0.9-1.2 hm” ; “4” represents
1.2-1.5 hm? ; “5” m” represents 1.5-1.8 hm” ; “6”represents 1.8-2.1 hm? ; “7” represents 2.1-2.4 hm” ; “8” represents 2.4-2.7 hm” ;
“9” represents more than 2.7 hm” .

h. Type: “0” represents small roadside parks; “1” represents roadside squares; “2” means small street green; “3” means building vesti-
bule green space.

i. Water area: “0” is for the area of 0 m? “1” is for the area of 0-200 m?; “2” is for the area of 200-400 m?; “3” is for the area of 400-600
m? “4” is for the area of 600-800 m? “5” is for the area of larger than 800 m”.




Journal of Environmental Engineering and Landscape Management, 2019, 27(1): 49-63 63

j. Lawn area: “0” is for the area of 0-0.1 hm? “1” is for the area of 0.1-0.2 hm? “2” is for the area of 0.2-0.3 hm? “3” is for the area
of 0.3-0.4 hm?; “4” is for the area of 0.4-0.5 hm? “5” is for the area of larger than 0.5 hm’.

k. Pavement area: “0” is for the area of 0-0.1 hm?; “1” is for the area of 0.1-0.2 hm?; “2” is for the area of 0.2-0.3 hm?; “3” is for the
area of 0.3-0.4 hm?; “4” is for the area of 0.4-0.5 hm? “5” is for the area of 0.5-0.6 hm?.

Table 7. Data preprocessing of built environment

Built environment

Serial )

number m n / / °

Road network | Medical facility

density, km/km? No. School No. Office No.
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The follows are the ranges of the code in the table. They are determined by the value distribution.

The factor labeled as “/” use the initial data and do not assign them.

Built environment

1. Residence: “0” is for 1-3; “1” is for 4-6; “2” is for 7-9; “3” is for 10-12; “4” is for 13-15; “5” is for 16-18.

m. Commerce: “0” is for 1-3; “1” is for 4-6; “2” is for 7-9; “3” is for 10-12; “4” is for 13-15; “5” is for 16-18; “6” is for more than 18.
n. Road network density: “0” is for 0-2; “1” is for 2-4; “3” is for more than 6;

0. Office: “0” is for 1-2; “1” is for 3-4; “2” is for 5-6; “3” is for 7-8; “4” is for 9-10; “5” is for 11-12; “6” is for 13-14; “7” is for more
than 15.



